The actual term, chemometrics, was first coined in 1975 by Bruce Kowalski in a letter that appeared in the Journal of Chemical Information and Computer Science. 3 Motivation for the development of this subfield at the time could be attributed to the press of too much data. This was a direct result of the dramatic increase in the number and sophistication of chemical instruments, which triggered interest in the development of new data analysis techniques that could extract information from large arrays of chemical data that were routinely being generated. Much of the growth that has occurred in the field of chemometrics was, and continues to be, driven by demands that more information be extracted from chemical data.
Chemometrics has been synonymous with pattern recognition and is often linked with process analytical chemistry defined by Bruce Kowalski as, ''the discovery and development of new and sophisticated analytical methods for use in-line as an integral part of automated chemical processes.'' The extraction of information from multivariate chemical data continues to drive research in the field of chemometrics, which includes but is not limited to the subtopics of data preprocessing, genetic algorithms, spectral image processing, data compression, and calibration transfer. Many of the papers comprising this special issue of Applied Spectroscopy are devoted to these subtopics.
Chemometrics provides speed for obtaining real-time information from data and allows for high quality information to be extracted from less-resolved data. It also provides diagnostics for the integrity and probability that information derived from data is accurate.
Chemometrics has the potential to improve the quality of spectral measurements. Chemometrics is also inexpensive. As Bruce Kowalski often stated, ''[m]ath is cheaper than physics.'' Non-specialists have discovered the advantages offered by chemometrics in their own research, which includes the efficient extraction of information from chemical data and the design of better and more informative experiments. The studies comprising this special issue of Applied Spectroscopy devoted to chemometrics demonstrate these advantages.
The analytical chemistry subfield of chemometrics should not be confused with statistics. The statistical approach to data analysis involves fitting various models to data and identifying the model that best describes the data. Statisticians operate on the principle that data can be divided into a systematic component and a random component, with the model that best describes the data being the one that yields random noise for all the error terms of the model. However, the error terms will generally be nonzero when spectroscopy based measurement data is modeled because of model error, which arises from the inescapable simplifications and approximations inherent in the application of chemical theory (e.g., Beer's Law) to real world problems. Furthermore, data analysis problems encountered by chemists are often not well defined from a mathematical standpoint. This occurs because of the way the data are collected. Consider an absorbance spectrum. One sensor channel (i.e., the absorbance at a particular wavelength) is often related to the next channel, and the result is that the desired information is obscured by redundancies in the data. The major problem in chemical data analysis when isolating the information of interest from the large amount of redundant or irrelevant data is a very different problem from the one encountered by statisticians who typically work with a small number of variables and with information-rich data sets generated in well-designed experiments. The solution to this problem is illustrated in the collection of papers in this special issue.
